Abstract: Thermochemical storage is based on a reversible chemical reaction; energy can be stored when an endothermic chemical reaction occurs and then, energy is released when it is reversed in an exothermic reaction. According to literature and based on the energy storage density (esd), MgCl2·6H2O is a promising candidate material for thermochemical energy storage. Bischofite is an inorganic salt obtained as a by-product material from extraction processes of non-metallic minerals, from Salar de Atacama in Chile, containing approximately 95% of MgCl2·6H2O. Thus, the purpose of this study was to characterize the dehydration reaction of bischofite ore, studied as a low-cost thermochemical storage material. Thermogravimetric data for bischofite were obtained using a TGA instrument coupled to a DSC, at four different isotherms 70 °C, 80 °C, 90 °C and 100 °C. The results of conversion reaction (α-t) from the thermal dehydration experiments, demonstrated the first phase of dehydration with the loss of two water molecules. The study showed a typical sigmoid curve with a significant acceleration in the conversion at the beginning of the reaction until it reaches a maximum rate, where the curve keeps constant. The same behavior was observed for all the temperatures used. The kinetics of bischofite dehydration model was determined using the isothermal kinetics method. For this, the thermogravimetric data were fitted to the most used kinetic models (D, F, R, A) and then their respective correlation coefficients R were evaluated. The results indicated that the dehydration reaction of bischofite was described by the kinetics of chemical reaction of cylindrical particles R2. The rate of dehydration reaction and esd of bischofite are lower as compared to synthetic MgCl2·6H2O, at temperatures higher than 80 °C. However, the cost of materials to store 1 MJ of energy is three times lower for bischofite, which is an evident advantage to promote the reuse of this material left as waste by the non-metallic industry. inorganic salt obtained as a by-product material from extraction processes of non-metallic minerals, from Salar de Atacama in Chile, containing approximately 95% of MgCl 2 ·6H 2 O. Thus, the purpose of this study was to characterize the dehydration reaction of bischofite ore, studied as a low-cost thermochemical storage material. Thermogravimetric data for bischofite were obtained using a TGA instrument coupled to a DSC, at four different isotherms 70 °C, 80 °C, 90 °C and 100 °C. The results of conversion reaction (α-t) from the thermal dehydration experiments, demonstrated the first phase of dehydration with the loss of two water molecules. The study showed a typical sigmoid curve with a significant acceleration in the conversion at the beginning of the reaction until it reaches a maximum rate, where the curve keeps constant. The same behavior was observed for all the temperatures used. The kinetics of bischofite dehydration model was determined using the isothermal kinetics method. For this, the thermogravimetric data were fitted to the most used kinetic models (D, F, R, A) and then their respective correlation coefficients R were evaluated. The results indicated that the dehydration reaction of bischofite was described by the kinetics of chemical reaction of cylindrical particles R 2 . The rate of dehydration reaction and esd of bischofite are lower as compared to synthetic MgCl 2 ·6H 2 O, at temperatures higher than 80 °C. However, the cost of materials to store 1 MJ of energy is three times lower for bischofite, which is an evident advantage to promote the reuse of this material left as waste by the non-metallic industry.
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Introduction
Thermal energy storage (TES) is an available technology, where energy in the form of heat or cold is stored in materials (charging process) for a specific time, to be released in the form of heat (discharge process), which can be transformed into other forms of energy or simply used as heat, depending on energy demand. The incorporation of TES systems increases efficiency in solar energy use throughout 24 hours of the day, reduces loss of useful thermal energy and consequently favors the reduction of greenhouse gas emissions considerably [1] .
The amount of thermal energy that can be stored and discharged depends on the characteristics of the storage material and the associated temperature effects between the storage medium and the energy source. Thermal energy can be stored by virtue of the internal energy change of a material caused by sensible heat, latent heat, and chemical reactions [1] . Sensible heat TES systems store energy through temperature change in the storage materials, where thermal energy is stored by raising the temperature of a material [2] . Latent heat is heat absorbed or released by a material, while changing its phase at constant temperature [3] . Latent heat is released when the phase change material (PCM) is cooled again and solidifies. However, the main disadvantages of these two, sensible and latent, heat storage forms are low energy density and considerable heat loss during storage. These disadvantages are overcome by the heat storage type occurring by means of a chemical reaction, also called thermochemical storage, since it keeps high energy density, which becomes 5 and 10 times greater, compared to latent heat and sensible heat storage systems, respectively. This thermochemical storage type is mainly based on obtaining heat by means of a reversible chemical reaction (See Figure 1 [4] ). In this reaction, a thermochemical energy storage material (C) absorbs external heat (e.g. solar energy) through an endothermic reaction, decomposing into A and B. Products (A and B) are separated by physical means and stored in separate containers. When materials A and B are combined again, exothermic reverse reaction, generation of C and release of stored thermal energy occur [5] .
Storage and transport times are theoretically unlimited because there is no heat loss during storage of materials A, B and C; thus, products can be stored at room temperature. Therefore, these are promising systems for long-term heat storage (as seasonal storage) [6, 7] . Recent studies also show advances in applications of thermochemical storage systems at high temperature in CSP plants [8] .
However, there is still little experience in the development of materials and systems for thermochemical storage. [9] .
Figure 1: Thermochemical storage process cycle: charge, storage and discharge [4] .
Reversible chemical reactions occurring between reactive components or pairs of reagents are largely responsible for thermal energy charge and discharge. The different reactions that have been studied for thermochemical storage are classified in the systems illustrated in Figure 2 . Of these, salt hydrate pairs are potential candidates for thermal energy storage as, during the energy storage phase, when heated, they are converted into partially or completely anhydrous salts, through water release. These hydrophilic anhydrous salts can readily react with water to release stored heat during the discharge step. On the other hand, it is feasible to achieve long-term thermal energy storage by separating the anhydrous salt and water at room temperature (eq.1).
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The Chilean Salar de Atacama brines, which are in a territory with very high solar radiation, are rich in salt hydrates. Due to their high availability and low cost, these salts can be studied and used to store thermal energy. In fact, since they are obtained as waste or by-products during brine concentration or during chemical conversion for production of lithium carbonate, among other compounds [12] , it proves attractive to carry out studies for reusing these large quantities of salts as TES materials. One of the natural minerals precipitating at the evaporation ponds, during the brine concentration process at Salar de Atacama, is bischofite, composed mainly of MgCl 2 ·6H 2 O (>95 wt.%) with some impurities, such as KCl, NaCl, Li 2 SO 4 ·H 2 O and others [13] .
Previous studies [14] [15] [16] [17] [18] [19] [20] [21] More recent studies propose the application of synthetic MgCl 2 ·6H 2 O salt as phase change material (PCM) for latent heat storage. Thus, several works focused on properties characterization, such as heat capacity and melting temperature [22] [23] [24] [25] [26] [27] [28] [29] , obtaining promising results to utilize this material for latent heat storage. On these grounds, studies by Ushak et al. [13] have been conducted with bischofite, natural mineral from Salar de Atacama, which characterized the physical and thermal 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 properties of this material for use as PCM. Results indicated that bischofite exhibits thermal properties similar to synthetic salt hydrate.
Recent studies have focused on the use of synthetic MgCl 2 ·6H 2 O as a thermochemical material (TCM) because the thermal decomposition of this salt occurs by means of a chemical dehydration reaction and stores a high energy density. MgCl 2 ·6H 2 O dehydration/hydration reactions were described by some authors [14, 21, [30] [31] [32] , and it was possible to determine the different charging and discharging operating temperatures of the material and the energy storage density eds (see Table 2 ). The kinetic study was performed by Kirsh et al. [19] , and Huang et al. [15] , using thermogravimetric techniques, under different working conditions. The authors determined salt dehydration in 3 steps and established the activation energy and frequency factor kinetic parameters.
One of the areas of greatest interest in research on thermochemical storage systems, is the development and characterization of materials and chemical reactions, since performance of each system depends to a large extent on the properties of materials and on reaction kinetics. In order to obtain a detailed and adequate characterization of reaction kinetics involving salt hydrates, it is necessary to consider changes in crystallographic structure, water stability within the crystalline structure, particle size and the presence of impurities, since kinetic measures may change depending on the characteristics of the solid material [36] . On the other side, for the successful implementation of thermochemical storage systems, the development of low cost materials is necessary.
Consequently, many scientists carry out their investigation using recycled materials and revalorizing industrial waste and by-products [37] [38] [39] [40] .
Aligned with this statement, the aim of this work was studying bischofite, an inorganic mineral waste, precipitated in solar evaporation ponds during the concentrations lithium brines as candidate for using in thermochemical storage systems. The cost of this material is of about 40 US$/ton [13] being almost four times less than the cost of synthetic magnesium chloride hydrate.
In addition, this research accomplishes a double objective: on one side, the implementation of an economically viable storage system based on new low-cost materials and on the other side, the revalorization of industrial waste material, which will contribute to economic, environmental and societal gains such as reducing landfill waste amounts, creation of value-added materials and others.
Thus, the mechanism and kinetics of the dehydration reaction of bischofite were established, and its chemical, physical and thermal properties were characterized by its application as a THS material.
The same characterization procedure was carried out for synthetic MgCl 2 ·6H 2 O and obtained results for both materials were compared as well as esd and the cost of TES systems. 
MATERIALS AND METHODS

Materials
Bischofite, provided by Salmag Company from Antofagasta Region, Chile, obtained from the brines concentration process, was used for research. The 10 kg bischofite sample was homogenized by manual mixing, subjected to a drying heat treatment at 40 °C for 12 hours to remove environmental humidity, and finally, divided into 1 kg samples and packed to be used in different characterization studies. Merck-branded synthetic MgCl 2 ·6H 2 O (˃ 99% purity) was used as comparison material which, like bischofite, was dried for 12 hours at 40 °C. Finally, samples were kept in a desiccator.
Chemical characterization method
For chemical analysis, a mass of approximately 100 g of bischofite was used. Methods used for elements determination were: Atomic absorption spectrophotometry with direct aspiration (Varian Spectraa 220fs atomic absorption spectrometer) for sodium, potassium, calcium, lithium and magnesium identification; volumetric titration with AgNO 3 for chloride identification and volumetric titration with BaCl 2 for sulfate identification.
Particle size characterization
Sample particle size was determined using different mesh size sieves (see Table 3 ) coupled to Rotap, Retsch AS 200. For this measurement, sieves were cleaned and weighed. Then, bischofite and magnesium chloride hexahydrate (38 and 50 grams' mass, respectively) samples were added to the sieves and these were subjected to 1.20 mm/g vibration for 10 minutes, for salt distribution between the different mesh 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 sizes. Upon completion, each sieve was weighed and mass retained in each one was recorded. Tests, for both bischofite and MgCl 2 ·6H 2 O, were performed in triplicate and the average result was reported in this work.
Thermal stability
Thermal stability was measured with a METTLER TOLEDO TGA-DSC STARe thermogravimetric analyzer (TGA), using a dynamic method from room temperature up to 900 °C at a heating rate of 1 K/min. Nitrogen flow rate was 25.0 mL/min. For this analysis, a sample amount of approximately 17 mg and a 70 μL platinum crucible with an unsealed lid were used.
Study of the dehydration mechanism and kinetic parameters
Kinetic data were determined with the isothermal method at 70 °C, 80 °C, 90 °C and 100 °C, using a heating rate of 20 K/min from room temperature up to respective temperature. The duration of the isothermal kinetic study was four hours, the METTLER TOLEDO TGA-DSC STARe device with a nitrogen flow rate of 25.0 mL/min. 10 to 20 mg samples in a 70 μL platinum crucible with an unsealed lid were used for each isotherm. Finally, data obtained were fitted to isothermal kinetic models of solid-gaseous type reactions which are more widely used (see Table 4 [41]). Each kinetic model and the corresponding curves are shown in Figure 3 to facilitate compression of the reaction compartment as a function of time. The fitting method used was described by Sharp et al. [42] , as well as the calculation of the correlation coefficient R. Table 4 : Solid state reaction equation models, commonly used for kinetic study [41] . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Thermochemical esd in bischofite was calculated as the product of the reaction enthalpy and bischofite density and compared to the values obtained for pure MgCl 2 ·6H 2 O sample.
Reaction Model Code Kinetic Equation ƒ(α)
Uni-dimensional diffusion D 1 α 2 = kt Bi-dimensional diffusion D 2 (1-α) ln (1-α)+ α= kt Tri-dimensional diffusion D 3 [1-(1-α) 1/3 ] 2 = kt Ginstling-Brounshtein D 4 1-(2/3) α -(1-α) 2/3 = kt First order F 1 -ln (1-α) = kt Cylindrical contraction R 2 1-(1-α) 1/2 = kt Spherical contraction R 3 1-(1-α) 1/3 = kt Zero Order 0 α = kt Avrami-Erofeyev A 2 [-ln (1-α)] 1/2 = kt Avrami-Erofeyev A 3 [-ln (1-α)] 1/3 = kt
RESULTS AND DISCUSSION
Chemical characterization
According to the chemical analysis of the bischofite sample, chemical elements found are listed in Table 5 with their respective concentrations. The results of the chemical analysis were used for the mineralization of the main phases present in the bischofite sample (see Figure 4) . Mineralization of the bischofite sample is supported by XRD and SEM-EDX analysis previously published by Ushak et al. [13] . In that work, XRD analysis confirmed that the sample contained Tables 6 and 7, respectively. Results showed that LM for bischofite particles was 1560.7 μm, i.e. 50% of the particles had sizes larger than this value, while the most repeated particle size (LD) was 1550 μm. Figure 6 shows size Particle size is an important property to take into account when carrying out kinetic studies, especially when maintaining isothermal and isobaric conditions. This is because particle size inversely affects reaction kinetics, i.e., reaction kinetics decreases as particle size increases [36] .
However, the effect of particle size may be negligible in view of the effect that temperatures and pressures may have. This was the case of the work published by Lin et al., [43] , where CaO, with 190 μm particle size, showed a faster hydration reaction kinetics compared to 900 μm particle size.
Nevertheless, this difference turned out to be slight and did not have a significant effect, compared to the effect caused by temperature and pressure. Therefore, size differences between bischofite and MgCl 2 ·6H 2 O are expected to have a minor influence on the studied dehydration reaction kinetics, being more favorable for synthetic MgCl 2 ·6H 2 O material.
Thermal decomposition
When heating bischofite at a rate of 1 K/min it was observed that dehydration occurs in four stages, between 80 °C and 240 °C (see Figure 7 ). In the first stage, starting at a temperature of 70 °C until completion at 95 °C, one water molecule is lost. At the next dehydration stage, starting at a temperature of 95 °C and ending at 142 °C, three water molecules are lost. The third dehydration stage starts at 142 °C up to 175 °C, with the loss of the fifth water molecule; finally, the last molecule is lost from 175 °C to 240 °C (Table 8) . 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Results for dehydration of the pure MgCl 2 ·6H 2 O sample, which occurs in four stages as well as for bischofite, are also shown in Figure 7 and Table 8 , but losses of the water molecules were found to occur at lower temperatures and times than for bischofite, with a difference of up to 25 °C and 25 minutes.
Another difference in dehydration of these materials is that the last pure salt dehydration stage is completed with a greater mass loss (58.72%) compared to bischofite (55.75%) and to the theoretical 53.1 amount. The mass difference is associated with the release of HCl gas, due to the hydrolysis of because the release of toxic HCl gas is lower when completely dehydrating the bischofite sample.
One disadvantage in the thermal behavior of bischofite compared to MgCl 2 ·6H 2 O is the lower (100 °C instead 115°C) melting temperature [13] , which is undesirable, because melting can lead to destruction of the salt hydrates structure and the formation of an agglomerate, thus reducing the specific area that prevents water absorption during hydration [30] . In addition, phase change hinders the kinetic study of solid-gas states, providing unreliable data [44, 45] .
Dehydration reaction mechanism and kinetics
The kinetic study was performed with isothermal regime at four different temperatures, 70 °C, 80 °C, 90 °C and 100 °C. The 100 °C were set as the maximum limit due to the disadvantage described in the previous section, and the possibility of HCl gas release during bischofite For the bischofite sample (see Figure 8) , mass loss occurs more rapidly at a temperature of 80 °C than at temperatures of 90 °C and 100 °C. In contrast, for the MgCl 2 ·6H 2 O sample (see Figure 9 ) it is observed that the mass loss of two water molecules is faster and larger as temperature increases.
The reactions at each temperature are listed in Table 9 . According to the kinetic curves for bischofite at different temperatures (see Figure 10 ), a "decelerating" curve shape can be observed, where rate decreases with the progress of the reaction. Kinetic curves of the MgCl 2 ·6H 2 O sample (see Figure 11 ) have two distinguishable shapes, i.e., "decelerating", for temperatures of 70°C and 80°C, and "sigmoid" (S shape) for temperatures of 90°C and 100°C temperatures. Regarding sigmoid curves, these are expected in any decomposition process that occurs by a production control mechanism and growth of nuclei (A 2 , A 3 and A 4 ) [44, 45] . However, kinetic models are more accurately determined by fitting mathematical equations that best represent them. Results are shown in the next section. 
Bischofite and MgCl 2 ·6H 2 O isothermal dehydration mechanism
The fitting of thermogravimetric data to more widely used kinetic models [41] was performed by the method of Sharp et al [42] , in which plotted data of the reacted fraction α versus the reduced time t/t 0.5 for bischofite and MgCl 2 ·6H 2 O dehydration (Figures 12 and 13 ) were compared to theoretical fitting data ( Figure 3 [46]). Table 10 and Table 11, respectively. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 In order to determine the model that best fits experimental data, the values of slope b and regression coefficient R are compared. Data with b and R values closest to one, and values of a closer to zero are those that best fit the kinetic model. According to these fitting results, bischofite dehydration kinetics (see Table 10 ) at 70 °C and 80 °C is best described by the chemical reaction mechanism using R 2 kinetic model by means of the cylindrical particle R 2 contraction kinetic model. At temperatures of 90 °C, equation models F 1 , R 2 and R 3 also fitted well experimental data.
For MgCl 2 ·6H 2 O (see Table 11 ), experimental data are fitted to the same, previously predicted kinetic models according to Figure 13 , R 2 for temperatures of 70 °C and 80 °C, and A 2 and A 3 at temperatures of 90 °C and 100 °C, respectively.
In order to better define the fitting kinetic model in bischofite and in MgCl 2 ·6H 2 O, linear correlation R of equations F 1 , R 2 and R 3 was calculated over time for bischofite data, and of equations R 2 , R 3 , A 2 and A 3 over time for MgCl 2 ·6H 2 O data. Results are shown in Table 12 and 13 for different amounts of α-value points used. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Finally, based on both fitting methods (the method of Sharp et al, [42] , and fitting by the R), it is established that the models that best fit bischofite dehydration experimental data are: R 2 (eq. 8) at temperatures of 70 and 80 °C and F 1 (eq. 9) at 90 °C.
On the other hand, and according to this analysis, it is possible to determine that the best fits to 
According to previous studies, R 2 model found is based on the contraction mechanism of the cylindrical particles area, hence it is assumed that product formation occurs rapidly on the surface of the cylindrical shape particle, and the decomposition rate is controlled by the progress of the chemical reaction in the interface towards the center of the particle [45] .
In contrast, F 1 model is based on the mechanism controlled by first order chemical reaction (limit phase reaction with random nucleation), which is a simpler model, where the reaction rate is proportional to concentration, quantity or remaining fraction of solid reagent used in the dehydration reaction [41] .
Kinetics of many solid-state reactions has been described by nucleation models, specifically the Avrami-Erofeyev models (A 2 , A 3 and A 4 ). These models indicate the formation of a new phase of solid product at the reactive points of the reactant particles (nucleation sites) and growth.
Kinetic studies under non-isothermal conditions, previously performed by Huang et al. [15] for MgCl 2 ·6H 2 O samples, determined that the predominant models for the studied dehydration reaction were found to be R 3 and R 2 by chemical reaction, respectively, in each study. These results differ from the isothermal results obtained in this research, because the kinetic mechanisms vary under different experimental conditions [36] .
The slower bischofite kinetics compared to MgCl 2 ·6H 2 O dehydration is a disadvantage for applications of the material in processes requiring rapid energy use. However, there are applications, studied by Zondag et al. [20, 30, 33] and Essen et al. [14] Further lab and pilot-scale experimental studies are needed to confirm whether bischofite can be used for seasonal storage. In these studies, measurements of dehydration/hydration cycles should be considered under actual partial vapor pressure and temperature conditions at specified locations.
Activation energy and frequency factor
For bischofite and MgCl 2 ·6H 2 O dehydration, the activation energy (E a ) and frequency factor (A) kinetic parameters were calculated according to the rate constants k obtained by plotting equations 8, 9 and 10. The results of the calculation of the logarithm of the dehydration reaction rate constant at different temperatures are summarized in Table 14 and plotted in Figure 14 , from which the activation energy E a (slope) and frequency factor A (intercept) kinetic parameters were obtained (see Table 15 ), calculated from the linearized Arrhenius equation (eq. 6). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 Figure 14 : Arrhenius graph using the natural logarithm of rate constants (ln k) versus the inverse of the temperature in Kelvin (1/K), according to data in Table 18 . It is important to remember that each kinetic parameter is associated with a fundamental theoretical concept. The activation energy (E a ) is associated with the energy barrier to be achieved for a chemical reaction to occur and the frequency factor (A), with the frequency of vibrations of the activated complex and indicates the frequency of collisions between particles. According to this and the results of the kinetic parameters obtained for bischofite, the minimum energy to initiate the dehydration reaction until loss of 2.11 H 2 O moles (see Table 9 ) is 96.415 kJ/mol, with a collision frequency between particles of 1.141·10 12 s -1 (see Table 15 ). The minimum energy required by Table 15 ). Table 16 . In addition, the amount of energy in Joules (J) that can be stored in 1 cm 3 (esd) was calculated for the studied salt hydrate samples and energy storage costs were estimated considering only the cost of the material (see Table 16 ). In addition, according to the study by Ushak et al. [13] , when using bischofite to store energy as latent heat, the energy density obtained was 170 J/cm 3 generally up to four times slower, which could be affected by the impurity factors contained in bischofite, as well as, to a lesser extent, by particle size, which turned out to be twice that of the MgCl 2 •6H 2 O sample.
The study of the bischofite dehydration mechanism, by means of the fitting of experimental kinetic data, allowed to determine the R 2 model (cylindrical particle contraction) at 70 °C and 80 °C and F 1 (first order reaction) at 90 °C, which are based on the control mechanism by chemical reactions in limit phase for bischofite. Results for MgCl 2 •6H 2 O at 90 °C and 100 °C were different, and resulted in nucleation and particle growth: A 2 .
Finally, the study of bischofite energy storage density (esd) showed a slightly lower value than that of MgCl 2 •6H 2 O, but storage costs for 1 MJ of bischofite thermochemical energy at 100 ° C was found to be three times lower than that of MgCl 2 •6H 2 O and seven times smaller than the type of energy stored as latent heat. Thus, this work demonstrated the potential for reuse of bischofite in 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 seasonal thermochemical storage, as a way to use cleaner energy and to help decrease the accumulation of nonmetallic mining waste. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
